Background: Previous studies have demonstrated that clinical features of 1 6 T Polycystic ovary syndrome1 6 T (PCOS) are associated with a lower degree of health, self, and sex satisfaction. Objective: Our study aimed to investigate possible associations between depression and different clinicobiochemical markers of PCOS. Materials and Methods: In a cross-sectional analytic study, 120 PCOS women aged 18-45 yr, were enrolled. Beck Depression Inventory was used to assess depression. Also, all participants underwent biochemical studies. Individuals with 15 points and more in Beck test were referred to a psychiatrist to participate in a complementary interview for the diagnosis of depression based on Diagnostic and Statistical Manual of Mental Disorders IV (DSMIV-TR) criteria. Results: Among the study participants, 82 women (68.3%) were non-depressed, and 38 patients (31.7%) had some degrees of depression. According to the psychiatric interview, 10 patients (8.3%) had major depression, 22 patients (18.3%) had minor depression and 6 patients (5%) had dysthymia. We failed to show any significant difference in body mass index, hirsutism, infertility, serum total testosterone, lipid profile, and the homeostasis model assessment of insulin resistance (HOMA-IR) between depressed and non-depressed subjects (p>0.05). Using Spearman correlation, we did not find a positive correlation between BDI scores and clinicobiochemical markers for all PCOS subjects (-0.139≤r≤+0.121, p>0.05).
Introduction
olycystic ovary syndrome (PCOS) is the most common endocrine disorder among women of reproductive age, affecting 4-18% of these women (1, 2) . It has significant clinical and biochemical sequelae, including reproductive features (such as infertility, hyperandrogenism, and hirsutism) and metabolic derangements (such as obesity, insulin resistance, impaired glucose tolerance, type II diabetes mellitus, and adverse cardiovascular risk profiles) (3) .
In addition, women with PCOS have a greater degree of mood dysfunction, psychiatric disorders and emotional distress than women without PCOS (4, 5) . A recent systematic review and meta-analysis of 12 published comparative studies between women with PCOS and healthy controls revealed higher depression and anxiety scores in patients with PCOS, is associated with Body Mass Index (BMI) (6) .
In addition, previous studies have demonstrated that the clinical features associated with PCOS, such as physical appearance (hirsutism, obesity and acne), menstrual abnormalities (oligomenorrhoea) and infertility are associated with a lower degree of satisfaction with health, self, and sex affecting Health Related Quality of Life (HRQoL) (7, 8) . Despite this proved issue, the association between infertility, biochemical hyperandrogenism, hirsutism, acne, body image and depression is still controversial (9). Depression is a major public health problem in both developed and developing countries and a leading cause of disability and global disease burden (10, 11 (12, 13) . Furthermore, it is well known that MDD is more prevalent in women than in men (14) . In Iran, based on a systematic review the prevalence of MDD among Iranian adults is 4.1% and women are more likely to have MDD, approximately 1.95 times more than men (15) . In the literature, depression in women with PCOS has a wide range of prevalence rates, reported between 14% and 64% (16) . In Shakerardekani's study the prevalence of depression in PCOS women was 45% according to Beck Depression Inventory (BDI) (17) . It seems that social and cultural differences and various assessment methods have led to this wide range of prevalence rates. This shows the necessity for further studies in different ethnic groups worldwide (16) .
The aim of this study was to investigate the rate of depression among women with PCOS, and to analyze associations between depression and different clinicobiochemical markers of PCOS.
Materials and methods
A total of 120 women were enrolled in this cross-sectional study. 18-45 year-old PCOS women who referred to gynecology clinics of Fatemieh Hospital, Hamedan, Iran were enrolled after providing an adequate explanation and obtaining written informed consent from January 2011 to July 2012. The study protocol was approved by the Research Ethics Committee of the university. The PCOS diagnosis was made based on history, clinical signs, physical examination, laboratory parameters and sonographic evidence, known as the Rotterdam Criteria (17) .
Based on the Rotterdam Criteria, PCOS is diagnosed if 2 out of 3 criteria are met: 1) oligoovulation and/or anovulation; 2) excess androgen activity; 3) polycystic ovaries (by gynecologic ultrasound). Other entities that would cause these problems were excluded. Exclusion criteria consisted of history of mental illness treatment, history of antidepressants or antipsychotics taken in the last three months and current hormonal therapy. Also women who had suffered from stressful life events such as accidents, loss of a family member or divorce in the past two years were excluded from the study.
The individuals who met the study criteria underwent complementary investigation for height, weight, waist circumference and hip circumference. The hirsutism score was calculated based on Modified FerrimanGalwey scoring module by one gynecologist for all the participants. At the same time, demographic information form was completed and also Beck Depression Inventory (BDI) was used to assess depression. BDI questionnaire includes twenty one questions that the rating of patients' response is variable from 0-63 points. The results of this study were placed in four categories, including no depression (0-15), mild depression (16-30), moderate depression (31-46) and severe depression (47-63).
After initial screening, all the participants underwent biochemical and hormonal studies. These studies included triglycerides (TG), total cholesterol, low-density lipoprotein (LDL), high-density lipoprotein (HDL), total testosterone (TT), and fasting glucose and insulin levels. The Homeostasis Model Assessment of Insulin Resistance (HOMA-IR) was used to evaluate insulin resistance (fasting glucose (μU/L)× fasting insulin (mmol/L)/ 22.5). The patients who got 15 points or more in BDI were referred to a psychiatrist to participate in an interview for diagnosis of depression based on Diagnostic and Statistical Manual of Mental Disorders IV (DSMIV-TR) criteria. According to DSMIV-TR criteria, patients were divided into 3 categories of major depressive disorder, minor depressive disorder and dysthymia ( Figure 1 ) (18) .
Statistical analysis
In this study convenience sampling was used. The sample size was based on a study by Hollinrake et al (19) . Taking a 95% confidence level, 10% precision, 21% prevalence of depression and 20% potential loss. The required sample size was estimated to be 120. SPSS Statistical Package for the Social Sciences, version 17.0, SPSS Inc, Chicago, Illinois, USA) was used for data analysis. Data were expressed as mean±SD or as percentages. Univariate analysis was used with Student's t test and chi-squared test to compare independent groups. Spearman correlation was used to examine the relationship between BDI scores and other clinicobiochemical markers of PCOS. The limit for statistical significance was set at p<0.05.
Results
Among all participants, 82 (68.3%) patients were non-depressed, and 38 (31.7%) patients had various degrees of depression. Based on the Beck Inventory scores, 28 (23.3%) patients suffered from mild depression, 9 (7.5%) had moderate depression, and one patient (0.8%) had severe depression. The mean age of individuals in the non-depressed and depressed patients were 23.6±4.7 and 24.8±4.6 year, respectively, with no significant differences (p=0.192). Based on psychiatric interview, 10 patients (8.3%) had MDD, 22 (18.3%) had minor depression and 6 patients (5%) suffered from dysthymia. There was no difference in the frequency of depression relative to marital status. Of the 82 nondepressed patients 41 (50%) were married and 41 (50%) were single. Of 38 depressed patients 17 (44.7%) were married and 21 (51.3%) were single (p=0.591).
The mean BMI in non-depressed patients was 24.8±4.3, which was not significantly different from that in depressed patients (24.96±5.01) (p=0.177). The assessment for hirsutism showed that among 38 depressed patients, 23 (60.5%) and of 82 patients without depression 38 patients (46.3%) had hirsutism. The present study failed to show any significant differences in serum TT, TG, total cholesterol, LDL, HDL and HOMA-IR between depressed and non-depressed patients.
In addition, these measurements revealed no differences between patients with mild and moderate depression. Table I presents a comparison of the clinical and biochemical parameters among depressed and nondepressed patients. Investigation of infertility in patients showed that 28 (34.1%) of nondepressed patients suffered from infertility, 11 (13.4 %) had been fertilized and 43 (52.5%) had unknown fertility status. Among depressed patients, 7 (18.4%), 8 (21.1%) and 23 (60.5%) patients had infertility, had been fertilized and had unknown fertility status, respectively.
No differences were found in infertility prevalence based on depression status in women with PCOS. All the individuals were asked about their main concern for health issues related to their disease; 42 patients (35%) considered hirsutism as their most important concern, while 27 patients (22.5%) and 44 patients (36.7%) believed obesity and infertility were their main concerns, respectively. Using Spearman correlation, we did not find a positive correlation between BDI scores and clinicobiochemical markers for all PCOS subjects (-0.139≤r≤+0.121, p>0.05) (Table II) . 
Discussion
The present study was performed to assess depression in patients with PCOS. We aimed to describe the signs and symptoms of PCOS differences between depressed and non-depressed subjects, respectively. In the present study, the rate of MDD was 8.3%, which is lower than that in other studies (6, 21, 22) . On the other hand, the overall rate of depression in our study was lower than previous study in Iran measured, by a similar method (31.7% vs. 45%) (17) . Although these results show that the rate of MDD among PCOS patients with MDD in the general population has more than doubled. (4.1% vs. 8.3%) (15) . This result suggests that attention to psychological aspects should be considered in PCOS patients.
Depression and clinical manifestations of PCOS
Obesity, especially abdominal obesity, is a common characteristic of these patients, which compromises the patient's appearance and results in many esthetic problems for them (23). However, despite the variety of information about the impact of obesity on psychological stress and depression, in the present study the mean BMI did not differ in non-depressed and depressed patients. Our findings do not support the previous studies that considered obesity as a risk factor for depression in patients with PCOS (24, 25).
Along with this study, some studies found no relationship between depression and obesity in patients with PCOS (6, 22) . In the present study, hirsutism, as a clinical manifestation of PCOS, was not significantly different in depressed and non-depressed patients, inconsistent with some previous studies which considered hirsutism concomitant with higher grade of depression (26).
In this study, infertility rate was 29.2%, and there was no significant association between infertility and depression in participants. It is worth mentioning that a great number of patients (55%) were not aware of their own ability to conceive, which might have resulted in misjudgment. Consistent with this study, Hollinrake et al found that on analysis of the PCOS group alone, similar numbers of depressed and non-depressed PCOS women reported a history of infertility (20) . We found that PCOS patients considered infertility as the most important concern (36.7%). Since infertility treatment in these patients is feasible, with a systematic treatment and reassurance, the patient can reduce much of the concern.
Depression and biochemical markers of PCOS
To evaluate differences between depressed and non-depressed PCOS patients, we measured biochemical markers and compared them between the two groups. The relationship between depression and PCOS patients (n=120) (Underwent clinical assessment, biochemical and hormonal studies and completed BDI and demographic information forms)
Depressed PCOS patients (n=38) Described as BDI score ˃15 (based on BDI score divided to mid, moderate and sever)
Non-depressed PCOS patients (n=82)
Referred to a psychiatrist (Based on DSMIV-TR criteria divided to major depressive disorder, minor depressive disorder and dysthymia)
insulin resistance, as one of the leading factors in the pathophysiology of PCOS, has been examined in a few studies which have shown conflicting results (26-28). Depression is associated with increased cortisol levels, increased sympathetic nervous system activity and decreased serotonin in the central nervous system. These features are also associated with insulin resistance (27). If depression affects insulin resistance, people with insulin resistance (e.g. patients with PCOS), who simultaneously suffer from depression, are exposed to metabolic condition changes which results in type II diabetic development. Timely and robust treatment of depression may be a good and appropriate strategy to prevent or reduce development of insulin resistance (27, 28). We found no significant differences in insulin resistance between the two groups. However, it seems that evaluation of relationship between insulin resistance and psychological stress in patients with PCOS needs to be investigated further.
Women with PCOS may have clinical presentations or biochemical evidence of hyperandrogenism. Several studies have shown a correlation between the severity of depression and serum androgens (29-31). Despite absence of significant differences between the two groups, in this study the mean serum testosterone level in patients with depression was slightly higher than nondepressed patients (0.74 vs.0.67). The results of the present study are similar to those reported by Hollinrake et al (20) . Lipid profiles, including total cholesterol, HDL, LDL and TG, were also compared and no differences were found between depressed and non-depressed PCOS patients.
Conclusion
In spite of high rate of depression in women with PCOS, we failed to show an association between any of the clinicobiochemical markers and depression. However, like Farrell and Antoni, we emphasize that the physiological and psychological factors among women with PCOS are strongly interrelated and suggest that in medical management of PCOS both physiological and psychological approaches should be used (4) .
